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HETEROCYCLI C COMPOUNDS FOR ENHANCING ANTITUMOR ACTIVITY 

Technical R Id 

This invention relates to certain heterocyclic compounds and their use as 
10 sensitizers of tumor ceils to anticancer agents. 

Bacl<qround Art 

In cancer chemotherapy the effectiveness of anticancer drugs is often limited by 
the resistance of tumor cells. Some tumors such as of the colon, pancreas, kidney and 
liver are generally innately resistant, and other responding tumors often develop 

1 5 resistance during the course of chemotherapy. The phenomena of multidrug resistance 
(MDR) is characterized by the tumor cell's cross-resistance to adriamycin, daunomycin, 
vinblastine, vincristine, daxol, actinomycin D and etoposide. The resistance cells are 
often associated with overexpression of the mdri gene. This gene product is a family 
of 140-220 kd trans-membrane phosphoglycoproteins (P-glycoprotein) which function 

20 as an ATP-dependent efflux pump. Thus, it has been postulated that this efflux 
mechanism keeps the intracellular level of the anticancer drug low, allowing the tumor 
cells to sun^ve. 

In recent years various substances such as verapamil, nifedipine and diltiazem 
have been used in in vitro experimental systems to reverse the MDR phenomena. More 
25 recently some of these agents have been tested clinically as MDR reversing agents. 
Little efficacy has been obsen/ed with verapamil or trifluoroperazine. Thus, there is a 
need for an effective MDR reversing agent. 

2-Piperazino-4-morpholinothieno[3,2-d]pyrimidines are reported in German Offen. 
2,055,085 [OA 77, 88539f (1 972)]. 
JO Thienopyrimidines and pyridopyrimidines are claimed as gastric acid 

secretion inhibitors in European Patent Application 404,356 and 404,355, respectively. 
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Disclosure of the Invention 
The compounds of the present invention are of the formulae 



II 

1° NR3R4 





or 



ax 



15 III 



IV 



and a pharmaceutically acceptable acid addition salt thereof where R is hydrogen, alky! 
of one to three carbon atoms or phenylalkyi of seven to ten carbon atoms; R, and R, 
20 are each hydrogen or alkyf of one to three carbon atoms; R, and R, are each aralkyl 
of the formula 



25 



X 



where X and X' are each hydrogen, alkyi of one to three carbon atoms, alkoxy of one 
to three carbon atoms, hydroxy, fluoro. chloro. trifiuoromethyr, amino, alkylamino of one 
to three carbon atoms or dialkylamino of two to six carbon atoms. X and X' taken 
together are methylenedioxy or ethylenedioxy. n is an integer of 0 or t. W is S. O or a 
30 chemicalbondandArsalkyleneoftwotofourcarbonatoms;andR, andR,orR3and 
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10 



15 



20 



25 



when taken togeth r with the nitrogen to which they are attached each form a moiety 
of the formula 




where 1^ is hydrogen, ail<yl of one to three carbon atoms or dialltoxyphenylail^ said 
alltoxy each of one to three carbon atoms and said all<yl of one to three carbon atoms 
and Y and are each hydrogen, all<yl of one to three carbon atoms, alkoxy of one to 
three carbon atoms, fluoro, chloro. trifluoromethyl. amino, alkylamino of one to three 
carbon atoms or dialkylamino of two to six carbon atoms. 

A prefen-ed group of compounds are those of formula I, where R is phenylalkyi 
of seven to ten carbon atoms; R, and R^ taken together with the nitrogen to which they 
are attached fonn a moiety of the fomiula 




where Re is hydrogen and Y and are each alkoxy of one to three carbon atoms; R3 
is hydrogen; and R^ is aralkyi of the formula 




where X and X' are each alkoxy of one to three carbon atoms, n is 0, W is a chemical 
30 bond and A is ethylene. Especially preferred within this group are the compounds 
where R is l-phenylethyl; Y is BHiiethoxy and Y' is 7-methoxy; and Xls Snnethoxy and 
X' is 4-methoxy and where R is benzyl; Y is B^nethoxy and Y' is 7-methoxy; and X is 
3-methoxy and X' is 4-methoxy. 
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A second group of preferred compounds are thos of formula II where R is alkyi 
of on to three carbon atoms or phenylalkyi of seven to ten carbon atoms; R, and Rj 
taken together with the nitrogen to which they are attached form a moiety of the fomiula 



5 




where R^ is hydrogen or dialkoxyphenylalkyf said alkoxy each of one to three carbon 
atoms and said alkyI of one to three carbon atoms and Y and Y' are each alkoxy of 
one to three carbon atoms; R, Is hydrogen; and R^ is aralkyi of the formula 



X 



15 



(CH2)„-U-R 



where X and X' are each alkoxy of one to three carbon atoms, n Is 0. W is a chemical 
20 bond and A Is ethylene. Especially preferred within this group are the compounds 
where R is 1-phenylethyl; Rg is hydrogen, Y is 6-methoxy and Y' is 7wnethoxy; and X 
is S-methoxy and X' Is 4-methoxy. where R is benzyl; Rg is 3.4-dimethoxyben2yl, Y is 
6-methoxy and Y' Is 7-methoxy; and X Is 3-methoxy and X' is 4-methoxy and where R 
Is methyl; Rg is 3,4-dimethoxyben2yl. Y is S-methoxy and Y' is 7-methoxy; and X Is 3- 
25 methoxy and X* is 4-methoxy. 

A third group of preferred compounds are those of fonnula III wherein R, and 
Ra taken together with the nitrogen to which they are attached fonn a moiety of the 
formula 
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Where R, is hydrogen and Y and Y' are each alkoxy of one to three carbon atoms; R3 
Is hydrogen; and is arall<yl of the fonnula 



10 



15 



20 



25 



30 



Where X and X' are each all^oxy of one to three carbon atoms, n is 0. W is a chemical 
bond and A is ethylene. Especially preferred within this group is the compound where 
Y is e^nethoxy and Y' is T-methoxy; and X is S-methoxy and X' fs 4.methoxy. 

The present invention also includes a method of inhibiting a P-glycoprotein In 
a mammal in need of such treatment which comprises administering to said mammal 
a P-glycoprotein Inhibiting amount of a compound of formulae WV. Preferred is the 
method where the mammal is a human suffering from cancer and said compound is 
administered before, with or after the administration to said human of an anticancer 
effective amount of a chemotherapeutic agent. 

Also included is a phamriaceutical composition for administration to a mammal 
which comprises a P^lycoprotein inhibiting amount of a compound of fonnulae l-IV, 
a pharmaceutlcally acceptable carrier and. optionally, an anticancer effective amount 
of a chemotherapeutic agent. 

As previously indicated, the compounds of fomiulae l-IV form pharmaceutically 
acceptable acid addition salts. Said pharmaceutically acceptable acid addition salts 
include, but are not limited to. those with HCI. HBr. HNOa.HjSO^. H3PO,. CH3SO3H. 
CeHsSOjH. CHjCOjH. gluconic acid, tartaric acid, maleic acid and succinic acid. In tiie 
case of those compounds of the fomiulae l-IV which contain a further basic nitrogen, 
it will, of course, be possible to fomi diacid addition salts (e..g., the dihydrochloride) as 
well as tile usual monoacid addition salt. 

As one skilled In tiie art recognizes, compounds of fonnulae l-IV have the 
potential for containing asymmetiic carijon atoms. All tiiese potential isomers are 
considered witiiin th scope of tiie present invention. 
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Detailed Description 

Compounds of the present invention are prepared by reacting a 2.6^ichloropurine, 
3,5-diclilorothieno[2,3-d]pyrimidine or 2,4-dichlorothieno[3,2-d]pyrimidine with the 
requisite amine, R,RjNH. 

5 In a more detailed description of the procedure, one molar amount of the 

dichloro compound and one molar amount of the amine. R,RjNH, as the hydrochloride 
salt are reacted in a water Immiscible solvent, such as methylene chloride, containing 
two molar amounts of a tertiary amine, such as triethylamine. The reaction is usually 
complete in 3:24 hours when conducted at room temperature, 
10 The 6-chloro group of the 2,6-dichloropurine is the more reactive while the 5- 

and4-chiorosubstituentsofthethieno[2.3-d]pyrimldineandthieno[3,2-dlpyrimldlneare, 
respectively, the most reactive. 

On completion of the reaction, the reaction mixture Is quenched In water and 
ttie product isolated by concentration of the water Immiscible solvent Purification of 
15 the product can be earned out by recrystallization or column chromatography. 

Alternately, the reaction can be canied out In a water miscible solvent, such as 
dimetiiylacetamide. In such cases tiie reaction mixture, on completion, Is added to 
water and the product filtered or exbacted. 

The isolated Intennediate is then reacted witti the requisite amine, RaR^NH, in 
20 a reaction-Inert solvent. In practice, one mole of the mono-chforo compound Is reacted 
wtth one more of amine, RgR^NH. In a highly polar solvent such as 2-(2-etiioxyetiioxy)- 
ettianol containing one mole of a high boiling amine, such as dllsopropylethylamrne. 
The reaction temperature is 160-170'C witii a reaction time of about 72 hours. 

The reaction mixture Is cooled to room temperature, diluted with mettiylene 
25 chloride and chromatographed on silica gel. the isolated product Is converted to an 
appropriate salt, for example the hydrochloride salt, by adding it to a methanolrc 
solution of hydrogen chloride. Further purification can be carried out by recrystalli- 
zation. 

Generation of tfie free base from an acid addition salt can readily be carried out 
30 by treating an aqueous solution or suspension of tine salt with at least one equivalent 
of an organic or inorganic bas followed by extraction of the fr e base product wfth a 
water Immiscible solvent such as ethyt acetate or metiiylene chlorid . RemovaT of tiie 
solvent gives th desired base. 
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Compounds of formulae l-IV are inhlbttors of the functions of P-glycoprotein. 
particularly human mdr 1 protein or P^lycoprotein related and membrane associate 
proteins which are participating in the transport of xenobiotics or proteins across 
membranes e.g.. cell membranes of eul^ariotic and proeukariotic origin e.g.. pmfdr, 
5 however not exclusive or restricted to these examples. 

Compounds included in general fomnulae MV are useful in combination 
chemotherapy of cancer, malaria, viral Infections such as AIDS. In therapy of septic 
shock syndrome or inflammation and may be useful in enhancing of the xenobiotics 
limited due to the presence of P-glycoproteIn or P-glycoprotein related functional 
10 proteins. Compounds of formulae l-IV increase the activity/efficacy of adriamycin. 
daunomycin. etoposide, epipodophyllotoxin congeners, actinomycin D. emetin. daxol. 
vincristine, vinblastine, chloroquine. antracycline antibiotics and of drugs which are 
structurally and functionally related to the above mentioned examples, in particular, 
when the activity of tiiese drugs has been shown to be limited due to the presence and 
15 function of P-glycoproteln. e.g. human mdr 1 protein or P-glycoprotein related proteins. 

The compounds of tiie present invention are evaluated as potentiators of 
chemotiierapeutic agents using a Cellular Drug Retention Assay. This assay was 
designed to study the effect of compounds on cellular retention of radiolabeled drug. 
In tills case 14C-adriamycln retention by multidrug resistant human carcinoma cells 
20 KBV1, is measured. 

KBV1 cells are routinely grown in tissue culture as monolayers in DMEM high 
glucose medium containing 1 ug/ml vinblastine. 10% heat Inactivated fetal calf serum 
and supplemented with Glutamine. Pen-strep and Garamycin. 

The assay protocol (described below) should be applicable with minor 
25 modifications, to a wide variety of cell lines grown in tissue culture. 

Assay Protocol: 

(1) Seed replicate 6-well tissue culture plates with 1.2x10E6 cells per 2 ml per 
well in absence of Vinblastine; 

(2) Incubate 24 hours at 37 degrees In humidified incubator (5% C02); 

30 (3) Aspirate off ttie spent media and overiay monolayers witii 2 ml/well of fresh 

medium that is 2 uM in Adriamycin (2 uM unlabeled Adriamycin + 20000 cpm of 14C- 
Adr) and the test agent at concentrations varying from 0 to 1 00 uM; 
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(4) Following incubation for 3 hours at 37 degrees in humidified incubator, 
remove media and wash monolayers twice with 2 ml of ice cold buffered saline; 

(5) Detach monolayers using 0.5 ml of trypsin/EDTA, collect detached cells and 
transfer to scintillation vial. Rinse wells once with 0.5 ml of buffered saline and add to 

5 same vial containing cells; 

(6) Add 5 mr of Beckman Ready-Safe scintillation fluid to vial, vortex and 
determine radioactivity per sample using a scintillation counter (10 minutes per sample); 

C7) For backgnaund control: pre-incubate monolayers at 4 degrees for 15 
minutes then remove media and add fresh ice<:old media containing Adr (see step 3). 
10 Following incubation for 3 hours at 4 degrees remove media and wash monolayers 
twice with 2 ml fee-cold buffered saline, then proceed as in step 5; 

(8) Results are expressed as T/C and ED3x values as defined below: 
T/C = pmoles Adr per 10E6 cells treated with test agent/ 

ED3x = concentration of test agent tiiat produces a 3 fold increase in 
cellular accumulation of radiolabeled Adr, i.e. T/C = 3. 

Calculation 

Specific cpm = [sample cpm - background cpmj 
Specific activity = [cpmAotal cone, of Adr] 
pmoles Adr = [specific cpm/spectfic activity] 
20 pmoles Adr per 10E6 ceils = [(pmoles Adr per well/number of cells per well) x 

10E6 cells] 

As previously mentioned, compounds of tiie present Invention and salts thereof 
are useful in potentiating the anticancer effects of chemotherapeutic agents. Such 
agents can Include adriamycin, daunomydn, aclacinomycin A, actinomycin C, 
25 actinomycin D, mitiiramycin, vinblastine, maytansine, bruceantin, homoharintonin, 
anguindin, neocarcinostatin, mitomycin C and anttiramycin. 

The compounds of the present invention can be administered witii, 24 houre 
before or up to 72 hours after the administiBtion of the chemotherapeutic agents. 
When administered with said agents, they can be taken either separately or coadmini- 
30 stered in the same formulation. 

Th compounds of th present invention vA\ ttier taken separately or In 
combination with an anti-cancer agent, are generally administered in the fomi of 
pharmaceutical compositions comprising at least on of tiie compounds of formula 
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10 



15 



l-IV and optionally a chemotherapeutic agent, together with a pharmaceirtically 
acceptable vehicle or diluent. Such compositions are generally formulated in a 
conventional manner utilizing solid or liquid vehicles or diluents as appropriate to the 
mode of desired administration: for oral administration, in the form of tablets, hard or 
soft gelation and, for parenteral administration, in the form of injectable solutions of 
suspensions, and the like. 

For use in the potentiation of anticancer agents in a mammal, including man, 
a compound of fomiulae MV is given in an amount of about 0.5-100 mg/kg/day. In 
single or divided doses. A more preferred dosage range is 2.50mg/kg/day. althoiigh 
in particular cases, at the discretion of the attending physician, doses outside the 
broader range may be required. The preferred route of administration is generally oral, 
but parenteral administration (e.g. intramuscular, intravenous, intradermal) will be 
prefen-ed in special cases, e.g.. where oral absorption is impaired as by disease or 
where the patient is unable to swallow. 

The present Invention is illustrated by the following examples, but is not limited 
to the details or scope thereof. 

EXAMPLE 1 

2-(3,4-Dimethoxyphenethylamino)-6.(1,2,3,4-tetrahydro-6,7. 
dimethoxvisoaurnol.p.Yl) purine hvdroehlnririo 
^- 2-cliloro-6.ri .PS^-tetrahyrirn^ 7. dimethoyvisnq. .inol-g-vlteurinA 

A mixture of 5.67 g of 2,6^lchloropurine. 6.89 g of 1 .2.3,4.tetrahydroisoquinoline 
hydrochloride and 6 g of triethylamine in 40 ml of dimethylacetamlde was stirred under 
a nitrogen atmosphere at room temperature for 3.5 hours. The mixture was poured into 
500 ml of water and stirred for 30 minutes. The solids were filtered, washed with water, 
pressed dry and stirred in hot methanol for 1 hour. The suspension was filtered while 
hot and the solids dried, 9.85 g (95% yield), m.p. 271-276-C dec. 
B. 2-(3,4-dlmethoxyphenethylamino)-6-(1 ,2,3,4-tetrahydro-6,7. 
dimethQXYlgnq uino|.2.vhpijrine hydroehinriria 

A mixture of 692 mg of the product of Example 1A. 362 mg of 3,4-dimethyl- 
phenethylamine and 258 mg of diisopropylethylamine in 6 ml of 2.(2-ethoxyethoxy)- 
thanol was stirred under a nitrogen atmosphere at 1 65oc for 5 hours. The reaction 
mixture was cooled, diluted with chlorofomi and the solids -filtered. Th filtrat was 
loaded on 90 g of silica gel/chlorofomi and elut d with 2% methanol chlorofomi. The 



25 



30 
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fractions containing the product w re combined and concentrated to dryness, 84 mg. 
Treatment of the residue with IN hydrogen chloride in methanol followed by 
recrystaliization from methanol gave 61 mg of the desired product, m.p. 152-1 54" C. 

EXAIVIPLE2 

5 2-(3,4-Dimethoxyphenethylamino)-6-(1 ,2,3,4-tetrahydro-6,7- 

dimethox visoauinoi-2-vn-9-methvlpurine hydrochloride 
A- 2-chloro-6-M ■2.3.4-t6tra hvdro-6.7-dimethoxvisoauinol-2-vn.9-methvlDurine 

A suspension of 1.76 g of the product of Example lA, 930 mg of potassium 
carbonate and 950 mg of methyl iodide in 100 ml of dimethylsulfoxide was warmed until 
10 the purine was dissolved. The reaction was cooled to room temperature and stirred 
overnight. The mixture was poured over ice. the pH adjusted to 5 with acetic acid and 
the product extracted with metiiylene chloride. The extract was washed with water, 
dried over sodium sulfate and concentrated in vacuo to a yellow oil. The residue was 
chromatographed on silica gel using from 0% methanol in chlorofonn to 2% methanol 
15 in chloroform (V:V). The fractions containing the product were combined and 
concentrated to dryness. The residual foam was triturated with methanol to give 2.09 g 
of the desired product, m.p. 182-184«*C. 
B. 2-(3,4-dimethoxyphenethylamino)-6-(1 ,2,3,4-tetrahydro-6,7- 
dimethoxyisoQuinol-g -vlVQ-methylpurine hydrochloride 
20 Following the procedure of Exampfe 1 B and starting with 1 .44 g of the product 

of Example 2A, 724 mg of 3.4-dimethoxyphenethylamine and 516 mg of diisopropyl- 
ethylamine in 2 g of 2-(2-ethoxyethoxy)ethanol gave 115 mg of tiie desired product, 
m.p. 179-181 «>C. 

EXAMPi-E 3-7 

25 Employing the procedure of Example IB and starting with the appropriate 

reagents, the follovwng compounds were prepared: 

2-(3,4-dimethoxyphenethyiamino)-6-(1 ,2,3,44etrahydro-6,7-dimethoxyisoquinol-2- 
yl)-9-benzyIpurine hydrochloride. m.p. 1 52-1640 C; 

2-(3,4-dimethoxyphenethylamino)-6-{1.2,3,44etrahydro-6,7-dimethoxylsoquinoI.2- 
30 yl)-7-benzyrpurine hydrochloride, m.p. 139-141 »C; 

2-(3,4-dimethoxyphenethylamino)-6-(1,2,3,44etrahydrD^,7-dimethoxyisoquinoI.2- 
yO-7-methylaminopurine hydrochforide, m.p. 159-164«»C; 
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2-(3,4-dimethoxyph nethylamino)-6-(1 .2,3,4-tetrahydro^,7.dimethoxylsoquinol.2- 
yl)-7-(1-phenylethylamino)purine hydrochloride, m.p. 128-1 32" C; 

2-(3,4-dimethoxyphenethylamino)-6-(1,2,3,44etrahydro-6,7-dimethoxyisoquinol-2- 
yl)-9-(1-phenylethylamino)purine hydrochloride, m.p. 108-1 14«C; 

5 2-(3,4-dimethoxyphenethylamlno)-6-(1 ,2.3,4-tetrahydro-1 -[3,4-djmethoxyben2yl]- 

6,7-dlmethoxyisoquinol-2-yl)-7-beny2lpurine hydrochloride, m.p. 139-141 «»C; 

2-(3,4-dimethoxyphenethylamino)-6-{1,2,3,4-tetrahydro-1-[3,4-dlmethoxyben2yl]- 
6,7-dimethoxylsoqulnol-2-yl)-9-methylpurine hydrochloride, m.p. 148-150«C. 

EXAMPLE 8 

° 2-(3,4-Dlmethoxyphenethylamino)-4-(1 ,2,3,4-tetrahydro-6,7- 

dimethoxvisoQuinol-2.vht hienor3.2-dlDvrlmidine hydrochloride 
A- 2-chloro-4-f1.2.3.4-letrah ydro-6.7-dlmethoxvlsoauinol-2-vl^thier^of3.2-dlDvrimidine 
A mixture of 1.381 g of 2,4-dlchlorothieno[3,2.d]pyrimldlne, 1.55 g of 1,2,3,4- 
tetrahydro-6,7-dimethoxyisoquinollne hydrochloride and 1 .41 g of triethylamine in 40 ml 
15 of dimethylacetamide was stirred at room temperature for 72 hours. The reaction 
mixture was poured into 300 ml of water and the solids filtered, dried and recrystallized 
from methanol, 1.7 g, m.p. 173-175«C. 

B. 2-(3,4-dimethoxyphenethylamino)-4-(1 ,2,3,4-tetrahydro-6,7- 

dimethoxvisoauinol.2-vm hienor3.2-d1pvrimldinehvdrQehlr.riria 

20 A mixture of 1.08 g of the product of Example 8A, 543 mg of 3,4-dimethoxy- 

phenethylamine and 387 mg of diisopropylethylamine in 1.25 g of 2-(2-ethoxyethoxy)- 
ethanol was stirred at 170-C for 24 hours under nitrogen. The reaction was cooled to 
room temperature and diluted with 5 ml of chloroform. The resulting solution was 
chromatographed on silica gel using from 0% methanol in chlorofonn to 2% methanol 

25 in chlorofomi as the eluent. The fractions containing the product were combined and 
concentrated to an orange oil. Treatment of the oil with 15 ml of a IN solution of 
hydrogen chloride in methanol gave 1 .04 g of the desired product, m.p. 210-212'»C. 
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EXAMPLE 9 

3-(3,4-Dimethoxyphenethylamino)-5-(1,2.3.4-tetrahydro-6,7-<iimethoxyisoquinoI- 
2-vlV-6.7.8.9-t6trahYHrobenzothi6no r2.3-<flDvrimtdine hydrochloride 

A. 3-chloro-5-(1 ,2,3,4.tetrahydro-6,7-dim6tho)qrlsoqulnor-2-yl)- 

6.7.8.9-t6trahvdrobenz othienof2.a<f|pvrimidine 

A solution of 623 mg of 3,5-dlchloro-6,7.8.9-tetrahydrob6n2othienol2,3- 

d]pyrimidine,554mgof1,2,3,4-tetrahydro-6.7-dirn6thoxyisoqurnollnehydrochlorideand 
4 ml of triethylamine in 40 mi of methylene chloride was stln-ed at room temperature 
under nitrogen for 15 hours. An additional 275 mg of the appropriate tetrahydroiso- 
quinollne hydrochloride and 1 ml of triethylamine were added and stirring; continued for 
an additional 9 hours. The reaction mixture was diluted with 100 ml of methylene 
chloride and extracted with IN hydrochloric acid (3 x 75 ml), water (1 x 75 ml) and a 
brine soluUon (1 x 75 ml). The organic phase was dried over sodium sulfate and 
concentrated to an oil. The residue oil was dissolved in methanol and the resulting 
1 5 precipitated solids filtered and dried, 740 mg. m.p. 158-1 BO^ C. 

B. 3-(3,4-dimethoxyphenethylamino)-5-(1,2,3.4-tetrahydro-6,7-dimethoxyisoqulnol- 
2-vn-6,7.8.9-tetrahvdroben7othienof9 a^l Dvrimidin6 hydrochloride 

A solution of 665 mg of the product of Example 9A, 290 mg of 3,4-dimethoxy- 
phenethylamlne and 208 mg of diisopropylethylamlne in 800 mg of 2-(2-ethoxyethoxy)- 
ethanol was heated at 170OC under nitrogen for 24 hours. The reaction mixture was 
cooled to room temperature, diluted with 3 ml of chlorofonn and chromatographed on 
40 g of silica gef using chlorofomi as the eluent. The fractions containing the product 
were combined, concentrated in vacuo and the residue chromatographed on 25 g of 
silica gel in an 18 inch by 25 mm column using chlorofonn as the eluent and coliecting 
25 6 ml fractions. Fractions 9-20 were combined, concentrated and the residue added to 
m methanolic hydrogen chloride. The solids were firtered and dried. 21 1 mg, m.p. 
195-198«»C. 

PREPARATION A 
2.6-DiehlorQ.7.hBn7YlPUrine and 9..6-dichloro-94}enzvlDurin6 
To a suspension of 4.56 potassium cartsonate and 5.67 g of 2.6-dichloropurine 
in 40 ml of dimethylsulfoxide was added, 5.64 g of benzylbromide.- Th mixtur was 
stirred for 45 minutes under nitrogen at room temperature and was then poured onto 
cnished ice. The pH of the mixture was adjusted to 5 with acetic acid and extracted 



20 



30 
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with methylene chloride (2 x 400 ml). The combined extracts w re washed with water 
(6 X 400 ml), and brine (1 x 400 ml), dried over sodium sulfate and evaporated. The 
residue was chromatographed on silica gel using chloroform-methanol (9:1 -V:V) as the 
eluent to give 3.59 g of 2,6Klichioro-945en2ylpurine. m.p. 152-152.5«»C and 1.32 g of 
5 2,6-dichloro-7-ben2ylpurine, m.p. 151-151 .5<»C. 

PREPAIRATION B 

2-Chloro-6-f1.2.3.4-tetrahvdrft^.7-dim6thQy msoauinol.2.vn.7-b6nzvlDurin» 
Ambrture of 950 mg of 2,6-dichloro-7-ben2ylpurine. 780 mg of 1 ,2,3,4-tetrahydro- 
6.7-dimethoxyisoquinoline hydrochloride and 700 mg of triethylamine in 80 ml of 
10 dimethylacetamide was stirred for 72 hours at room temperature under nitrogen. The 
reaction mixture was poured Into water (300 ml) and the resulting solids filtered, dried 
and recrystallized from methanol, 1.25 g, m.p. 195-197«»C. 

In a similar manner, 1 .4 g of 2,6-dichloro-9-ben2ylpurine gave 1 .87 g of 2-chloro. 
6-f 1 .2.3.4-tetrahvdro-6.7-dimethoxvisQoijinn | .2-vn-9-ben7vt pi irin^ m.p. 151-153«»C. 

PREPARATION C 
2.6-Dichloro-7.mpthvlDurine an d 2.6-dichlQm.9-methvlp ijrina 
In a manner similar to Preparation A, 9.52 g of 2,$-dichloropurine, 7.65 g of 
potassium carbonate and 7.86 g of methyl iodide in 65 ml of dimethylsulfoxide gave 
1.54 g of 2,6-dichloro-7-methylpurine and 4.7 g of 2.6.dichloro-9-methylpurine. 

PREPARATION D 

2-Chloro-6-(1 .P,3 4-tPtrahvdro-6.7.dim ethoxvisoguino|.2-vl\.7.m6thyl pi mna 

A solution of 1 .44 g of 2,6-dichloro-7-methylpurine. 1 .63 g of 1 .2,3.4.t6trahydro- 
6.7.dimethoxyisoquinoline hydrochloride and 1.5 g of triethylamine In 25 ml of 
methylene chloride was stin-ed at room temperature under nitrogen for 15 hours. The 
25 reaction mixture was washed v^rtth a IN hydrochloric acid solution (3 x 150 ml), water 
(3 X 150 ml) and a brine solution (1 x 100 ml), and then dried over sodium sulfate. 
Removal of the solvent left a residue which was chromatographed on 150 g of silica 
gel, 1.3 g. 

PREPARATION g 

2,5-Dichloro-7-ri -Ohenvlethvl^n. . g ne and 2.6.diehloro-9-n -Dhenylethynpurinfl 

Using the sam gen ral procedure of Preparation A, 4.12 g of 2,6-dichloro. 
purine, 3.32 g of potassium carijonat and 4.44 g of 1-bromoethylbenzen gav 830 
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mg of 2.6<lichloro-7-(1-phenylethyl)purine and 1.3 g of 2.6-dichloro-9-(1 -phenyl- 
thyl)purine. 

PREPARATION! F 

2.Chlo^o.6.(^,g,3 4-tet^ah^rrf^o-6■7^impfhovY Koauinol■2-vlU7■f1.Dhe^vlPthY^) p.^ 
5 Employing the procedure of Preparation B. 730 mg of 2.6KiichIoro.7.(1. 

phenylethyl)purine.573mgof1.2.3.4-tetrahydro-5.7.dlmethoxy,soquinollnehydrochl^ 
ride and 505 mg of triethylamine in 25 ml of dimethylacetamide gave 430 mg of the 
desired intermediate. 

^'"'""^^'y' 2-Chloro-6-f1.?.3.4-t6trahvdrn. 6.7.dimethnYYisoouinol-g.x/IUg.fi. 
1 0 phenvlethvnDurinft was prepared in 76% yield. 

PREPARATION Q 
2-Chloro-6-(1 ,2,3.4-tetrahydro-1 -[3.4-dimethoxy- 

ben2vn.6.7.dimethoxvisQqiirn o|.2.vlV9.methYl piirina 
Using the procedure of Preparation D. 2.01 g of 2.6-dichloropurine, 3.76 g of 

1,2.3.4.tetrahydro.1.(3.4Klimethoxyben2yl)-67-dimettioxyisoquinoline hydrochloride 
and 4 g of triethylamine in 20 ml of metiiylene chloride gave 2.31 g of the titied product. 

Simllariy. 1.42 g of 2.6<iichloro.9-ben2ylpurine. 1.93 g of 1,2,3.4-tetrahydro-1- 
(3.4-dimethoxybenzyl)-6,7-dim6tiioxyisoquinoline hydrochloride and 2.12 g of 
triethylamine in 40 ml of methylene chloride gave T.98 g of 2.Chloro.6./i 9 
^° d'methoxvb6n2vn.6.7.d.mBthnv vfsoauinQl.9.Yi).9-ben2vlpurina 

PREPARATIONf H 
3,5-Dlchloro-6.7.8.9.tetrahYrl robenzQr23.d]p YrimrH{no 
3,5-dihvdroxv-6.7.8.9.tetrahYdr obenzoT2,3-ri]p Yrim?Hino 
A mixture of 22.53 g of ethyl 2.amino-4.5.6.7-tetrahydroben2o[b]thiophene-3. 
25 cartjoxylate and 39.04 g of urea were fused at 180-190OC for 3 hours under nitrogen. 
The mixture was cooled to room temperature and treated with 600 ml of 6N potassium 
hydroxide solution. The suspension was filtered and the cooled filtrate adjusted to pH 
2with concentrated hydrochloric acid. The precipitated solids werefiltered and slurred 
in refluxing water. The suspension was filtered while hot and the solids dried to give 
30 the titled product. 

^- 3,5^iichloro-6,7.8.94etmhYHr oben2or2a.^]p Yrim;H.n^ 

The product of Preparation H-1 (4.44 g) was added to 40 ml of phosphorous 
oxychlorideandth reaction mixture refiuxed for 72 hours. The reaction was cooled 
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and added carefully to 500 ml of warm water. The cooled mixture was extracted with 
chlorofomi (3 x 500 ml) and the combined extracts washed with water (2 x 500 ml) and 
a brine solution (1 x 300 ml). After drying over sodium sulfate, the solvent was removed 
inj^ and the residue chromatographed as the eluent. The fractions containing the 
product were combined and concentrated. The residue was recrystallized from 
methanol, m.p. 175-178«»C. 
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CLAIMS 

1 . A compound of the formula 



10 



15 





NR3R4 



III 



or 



NR,R 



II 




IV 



and the pharmaceutically acceptable acid addition salt thereof, wherein R is hydrogen, 
alkyl having one to three carbon atoms or phenylalkyi having seven to ten carbon 
20 atoms; R, and R3 are each hydrogen or alkyl having one to three carbon atoms; R^ and 
R4 are each aralkyi of the formula 



25 




Where X and X' are each hydrogen, alkyl having one to three carbon atoms, alkoxy 
having one to three carbon atoms, hydroxy, fluoro, chloro, trifluoromethyl, amino, 
30 alkylamino having one to three carbon atoms or dialkylamino having two to six carbon 
atoms, X and X' taken togeth r are methylenedioxy or ethylenedloxy, n Is an Integer 
of 0 or 1 , W is S, O or a chemical bond and A is alkylen having two to four carbon 
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atoms; and R, and R, or R, and R, when taken together with the nitrogen to which they 
are attached each form a moiety of the formula 




where R^ is hydrogen, all^yl having one to three carbon atoms or diall<oxyphenylall<yl 
said alkoxy each having one to three carbon atoms and said alkyi having one to three 
10 carbon atoms and Y and r are each hydrogen, alky! having one to three carbon 
atoms, alkoxy having one to three carbon atoms, fiuoro, chloro, trifluoromethyl. amino, 
alkylamino having one to three carbon atoms or dialkylamino having two to six carbon 
atoms. 

2. A compound of claim 1 , fomiuia I. where R is phenylalkyi having seven 
15 to ten carbon atoms; R, and R, taken together with the nitrogen to which they are 
attached form a moiety of the fonnula 



20 



25 



30 




where R, is hydrogen and Y and Y' are each alkoxy having one to three carbon atoms; 
R3 Is hydrogen; and R^ is aralkyi of the formula 



where X and X' are each alkoxy having one to three carbon atoms, n is 0. W is a 
chemical bond and A is ethylene. 
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3. 



The compound of claim 2. where R is 1 -phenyl thyf; Y is S^nethoxy and 
Y' is 7-methoxy; and X is S-methoxy and X' is 4-methoxy. 

4. The compound of daim 2. where R is benzyl; Y is 6-methoxy and Y' is 
7-methoxy; and X is Snnethoxy and X' is 4-meihoxy. 

5. A compound of claim 1 . fomiula II. where R Is alkyi having one to three 
carbon atoms or phenylalkyf having seven to ten carbon atoms; R, and R, taken 
together with the nftrogen to which they are attached fomi a moiety of the fomiula 




where R, is hydrogen or dialkoxyphenylalkyi said alkoxy each having one to three 
15 carbon atoms and said alkyI having one to three carbon atoms and Y and Y' are each 
alkoxy having one to three carbon atoms; R, is hydrogen; and R, is aialkyl of the 
formula 



20 



where X and X' are each alkoxy having one to three carbon atoms, n is 0. W is a 
25 chemical bond and A is ethylene. 

6. The compound of daim 5. where R is t-phenylethyl; R, Is hydrogen Y 
IS e-methoxy and Y' is 7-methoxy; and X Is 3-methoxy and X' is 4.methoxy. 

7. The compound of claim 5. where R is benzyl; R, is 3.4KJimethoxybenzyI 

Y IS 6-methoxy and V is 7-methoxy; and X is 3-methoxy and X' is 4-methoxy. 

30 8. The compound of claim 5. where R is methyl; R3 Is 3.4Kllmethoxybenzyl 

Y IS S^nethoxy and Y^ is 7.methoxy; and X is 3-methoxy and X' is 4-methoxy. 
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9. A compound of claim 1 , fomiula III, where R, and Rj taken together with 
the nitrogen to which they are attached form a moiety of the formula 




R6 



wrtiere Rg is hydrogen and Y and Y' are each alkoxy having one to three carbon atoms; 
10 Rg is hydrogen: and R^ is aralkyi of the formula 



X 



15 



where X and X' are each alkoxy ha\«ng one to three carbon atoms, n is 0, W is a 
chemical bond and A is ethylene. 

10. The compound of claim 9, where Y is 6-methoxy and Y' is 7-methoxy; 
20 and X is 3-methoxy and X' is 4-methoxy. 

11. A compound of claim 1 , formula IV, where R, and Rj taken together with 
the nitrogen to which they are attached forni a moiety of the forniula 



25 



where Rj is hydrogen and Y and Y' are each alkoxy having one to three carbon atoms; 
R3 is hydrogen; and R4 is aralkyi of the formula 
30 ^ 

X^ 





C'/>-(CH2)„-u-n 
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where X and X' are each alkoxy of one to three carbon atoms, n is 0. W Is a chemical 
bond and A is ethylene. 

12. The compound of claim 11. where Y is Swnethoxy and Y' is 7-methoxy: 
and X Is 3-methoxy and X' is 4-methoxy. 

13. A method of inhibiting a P-glycoprotein in a mammal in need of such 
treatment which comprises administering to said mammal a P-glycoproteIn Inhibiting 
amount of a compound according to claim 1, 

14. A method of claim 13. wherein the mammal Is a human suffering from 
cancer and said compound is administered before, with or after the administration to 
said human of an anticancer effective amount of a chemotherapeutic agent. 

15. A phamnaceutlcal composition for administration to a mammal which 
comprises a p-glycoprotein inhibiting amount of a compound of claim 1 , a phannaceu- 
tically acceptable earner and. optionally, an anticancer effective amount of a 
chemotherapeutic agent. 
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ls. A process for preparing a compound of the fomiula 

R 

NR3R4 





NRjRj 



II 



10 




NR3R4 



or 




NRjRg 



III 



15 



IV 



and the pharmaceutically acceptable acid addition salt thereof, wherein R is hydrogen, 
allcyl having one to three carbon atoms or phenylal<yl having seven to ten carbon 
atoms; R, and R3 are each hydrogen or all<yi having one to three carbon atoms; R^ 
and R, are each aralkyi of the formula 



20 



CH2)„-U-fl 



where X and X' are each hydrogen, aiityl having one to three carbon atoms, alltoxy 
25 having one to three carbon atoms, hydroxy, fluoro. chloro. trifluoromethyl. amino 
alkylamino having one to three carbon atoms or diakylamino having two to six carbon 
atoms, X and X' tal<en together are methylenedioxy or ethylenedioxy. n is an integer 
of 0 or 1 , W is S, 0 or a chemical bond and A is aikyiene having two to four carbon 
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atoms; and R, and Rj or R3 and R^ when taken together with the nitrogen to which th y 
are attached each form a moiety of the fomiula 




where R^ is hydrogen, ali<yl having one to three carbon atoms or dialkoxyphenylalkyl 
said alkoxy each having one to three carbon atoms and said alky! having one to three 
carbon atoms and Y and are each hydrogen, alkyi having one to three carbon 
10 atoms, alkoxy haying one to three carbon atoms, fluoro. chloro, trifluoromethyl, amino, 
alkylamino having one to three carbon atoms or dialkylamino having two to six carbon 
atoms, comprising: 

(a) for compounds of fomnuia I or 11, reacting the appropriate 2-chloro-6- 
aminopurine derivative with RaR^NH HCI salt and a tertiary amine in a reaction-inert 

15 solvent at a reaction temperature of 160-170" C until the reaction is substantially 

complete,and optionally fonnlng a pharmaceutically acceptable saltthereof by methods 
known per se; 

(b) for compounds of formula lir. reacting the approprfate 2.chloro^amlno- 
thleno[3.2-dlpyrimidlne derivative with R,R^m HCI salt and a tertiary amine In a 

20 reaction-inert solvent at a reaction temperature of leO-ITO" C until the reaction is 
substantially complete, and optionally forming a phannaceutically acceptable salt 
thereof by methods known per se; or 

(c) for compounds of fonnuia IV, reacting the appropriate 3-chloro-5.amino- 
6.7.8,9-tetrahydrobenzo[b]thiophene[2,3-d]pyrimldine derivative with RjR^NH HCI salt 

25 and a tertiary amine in a reaction-Inert solvent at a reaction temperature of 160-170«» 
C until the reaction is substantially complete, and optionally forming a pharmaceutically 
acceptable saltthereof by methods know per se. 
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10 



25 



17. A process of claim 16 wherein, f r compounds of formufa I, R is phenylal<yl 
having seven to ten carbon atoms; R, and R^ tal<en together with the nitrogen to which 
they are attached form a moiety of the formula 



30 




where R^ is hydrogen and Y and Y' are each alkoxy having one to three carbon atoms; 
R3 is hydrogen; and R^ is aralkyi of the formula 



X 

X^ 



^)-(CH2)„-lJ.fi 



where X and X' are each alkoxy having one to three carbon atoms, n Is 0, W Is a 
15 chemical bond and A is ethylene. 

18. A process of claim 17 wherein. H Is 1-phenylethyl or benzyl; Y is 6-methoxy 
and r is 7-methoxy; and X Is 3-methoxy and X' is 4-methoxy. 

19. A process of claim 16 wherein, for compounds of formula II, R is alkyi 

having one to three carbon atoms or phenylalkyi having seven to ten carbon atoms; R, 

20 and Rj taken together with the nitrogen to wrfilch they are attached form a moiety of the 
fomnula 




where R^ is hydrogen or dialkoxyphenylalkyi said alkoxy each having one to three 
carbon atoms and said alkyI having one to three carbon atoms and Y and Y' are each 
alkoxy having one to three carbon atoms; R, is hydrogen; and R^ is aralkyi of the 
formula 



(CH2)n-U-fl 
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where X and X' are each alkoxy having one to three carbon atoms, n Is 0. W is a 
chemical bond and A Is ethylene. 

20. A process of claim 19 wherein, R is 1-phenylethyl: Re is hydrogen, Y is 
6-methoxy and Y' Is 7-methoxy; and X is 3-methoxy and X' is 4 methoxy. 

21. A process of claim 19 wherein, R is benzyl or methyl; R^ is 
3,4-dlmethoxybenzyr. Y Is 6-methoxy and r Is T-methoxy; and X is 3-methoxy and X^ 
is 4-methoxy. 

22. A process of claim 16 wherein, for compounds of formula III, R, and Rj 
taken together with the nitrogen to which they are attached form a moiety of the fomiula 




where R^ is hydrogen and Y and Y' are each alkoxy having one to three carbon atoms; 
15 R3 Is hydrogen; and R^ is aralkyi of the formula 



(CH2)n-U-P 



20 where X and X' are each alkoxy having one to three carbon atoms, n is 0, W Is a 
chemical bond and A is ethylene. 

23. A process of daim 22 wherein, Y is e-methoxy and Y' is 7-methoxy; and X 
Is 3-methoxy and X' Is 4-methoxy. 

24. A process of claim 16 wherein, for compounds of formula IV, R, and Rj 
25 taken together with the nitrogen to which they are attachedform a moiety of the formula 




30 



wo 93/17021 



PCr/US92/09554 



-25- 



where Rg is hydrogen and Y and Y' are each alk xy having one to three carbon atoms; 
R3 Is hydrogen; and is aralkyi of the formula 



X 

X* 



where X and X' are each alkoxy of one to three carbon atoms, n is 0, W is a chemical 
bond and A is ethylene. 

10 25. A process of claim 24 wherein. Y is e-methoxy and Y' is 7-methoxy; and X 

is 3-methoxy and X' is 4-methoxy. 
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